Abstract-In this paper, a reexamined estimate of the test fixture validation factor (TFVF) of fixtures for shielding effectiveness (SE) measurements in a reverberation chamber is shown. The fundamental conditions for the applicability of the model shown here are a large aperture between the chambers, whose transmission cross section is well approximated by the geometrical optics, and an isolation between the chambers greater than or equal to 10 dB, as specified in this paper. The model is applicable for both nonmarginal and marginal SE values; but, in the latter case, the requested isolation between the two chambers has to be met with no sample in the aperture. For nonmarginal SE values, the conditions requested for the applicability of the model are practically the same as those requested in the standard IEC 61000-4-21. The model is applicable to SE measurements of gaskets as well. The results show that the TFVF used in the standard procedure IEC 61000-4-21 has to be updated to achieve more accurate measurements of SE in light of the studies conducted on this topic. We give such an update in this study.
I. INTRODUCTION
A REVERBERATION chamber (RC) is an attractive testing facility, which simulates realistic test environments; a standard is available for applications [1] . In particular, the annex G concerns the shielding effectiveness (SE) measurements of materials and gaskets having nonmarginal SE values. They are made by using a fixture having a large aperture, which is positioned in an RC, so that a nested RCs (NRCs) system is achieved [1] . Here, the outer chamber is referred both as an outer chamber and as an RC; similarly, the inner chamber is referred both as an inner chamber and as a fixture. Measurements made by this technique are shown in [2] - [5] . For such measurements, the standard considers a test fixture validation factor (TFVF), which was studied in [6] . In [3] and [7] , it is shown that the TFVF used in the standard [1] is not adequate for accurate measurements of SE. Here, we show an accurate estimate of the TFVF for above-mentioned measurements in the light of the studies made in [3] and [7] . It is assumed that the field is well stirred in both the chambers, as requested in the standard as well. The fundamental conditions for the applicability of the model Manuscript received June 15, 2016 ; revised September 6, 2016 ; accepted September 28, 2016 . Date of publication October 24, 2016 ; date of current version December 6, 2016 .
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shown here are a large aperture between the chambers, whose transmission cross section (TCS) is well approximated by the geometrical optics [8] , and an isolation between the chambers greater than or equal to 10 dB, as further outlined below. The model is applicable for both nonmarginal and marginal SE values; but, in the latter case, the requested isolation between the two chambers has to be met with no sample in the aperture. It is important to note that the approximation by geometrical optics for the TCS of a square aperture is acceptable for the scopes of SE measurements shown in this paper when the diagonal of the aperture is equal or greater than λ/2, as experimentally shown in this paper; λ is the wavelength of the working frequency. For nonmarginal SE values, the conditions requested for the applicability of the model are practically the same as those requested in the standard IEC 61000-4-21. The factor correction shown here gives more accurate measurements than those given by the IEC standard for any fixture and corresponding large aperture, designed according to the abovementioned criterion. The results show that the correction factor (CF) used in the standard procedure IEC 61000-4-21 has to be updated, as also given in [3] , to achieve more accurate measurements of SE. The model is applicable to SE measurements of gaskets as well. The rest of the paper is described as follows. In Section II, the proposed model is shown. In Section III, results are shown and discussed. In Section IV, remarks on the measurable SE values are given. Finally, in Section V, the conclusions are drawn.
II. PROPOSED MODEL FOR TFVF
The model shown here assumes that the TCS of the fixture aperture with no sample is well approximated by the geometrical optics and that the isolation between the chambers is greater than or equal to 10 dB; it is made clear below. Only reciprocal samples are considered here and the developments made are referred to the case where a sample is present in the aperture. Similar symbols to the ones used in [7] are employed: superscript o (i) means that the system is fed through the RC (fixture); similarly, the subscript o (i) means the outer (inner) parameter. It is specified that all relevant physical quantities here are meant in the average sense [1] . The case of nonmarginal SE values is discussed first. Then, the case of marginal SE values is discussed.
in [1] . In fact, the standard procedure assumes that the fixture aperture is very large (of the order of one full side of the test fixture). If this is the case, then the powers received in the two chambers are similar when no sample is present in the aperture, see [1, note 3, p. 72] as well. If the lowest usable frequency for a text fixture [lowest usable frequency (LUF)] is determined by the criterion of the 60 possible modes, the corner of a cubic fixture, whose LUF is 1 GHz, is about 2λ. If the LUF is considered to be slightly above three times the first resonance frequency [1] , the corner of a cubic fixture, whose LUF is 1 GHz, is about λ. Therefore, by also considering the experimental results in Section III-C, for the case in this section, fixtures with aperture having the shortest side greater or equal to λ are considered, such apertures are considered to be very large apertures in our setting; further details are given in Section IV.
The SE of a material is defined as follows [1] , [3] , [9] : 
where P o inc,s is the power incident on the sample in the aperture when the system is fed through the RC; P o tr, oi,s is the power transmitted in the fixture through the sample from the RC to the fixture; σ t,s is the TCS of the sample [8] ; A a is the geometric area of the aperture; A e is the effective area of an antenna in an RC [8] tx,i,s is the insertion loss (IL) of the fixture when the sample is present in the aperture. TFVF1 is the TFVF for the model (1); the parameters A a and IL fixt , s are not independent. A a /4 is the absorption cross section (ACS) of the aperture when it is assumed to be perfectly absorbing. The use of the ratio (A a /4)/A e in (1) is justified as the field is assumed to be well stirred in both the chambers, as well as the use of any ratio including a power received by an antenna positioned inside an NRC. The TCS σ t,s , which is given in [7, eq. (9) ], simplifies to
if
where I s can be called chamber isolation [7] with a sample in the aperture; P i rx,o,s is the power received by receiving antennas positioned inside the RC when the system is fed through the fixture. Under the condition of reciprocity, it normally turns out to be [7] P o rx,i,s (4) is always true if samples that have two sides with asymmetrical absorbing are put in the aperture so that the greater absorbing is in the outer chamber. It is specified that the equal sign in (4) turns out in case of two equal contiguous chambers and samples with symmetrical absorbing respect to the two exposed sides. Therefore, the condition (3) of nonmarginal SE of the sample assumed here can be expressed by the SE of the fixture as follows [10] :
which in any case implies
It is important to note that (5) is only a sufficient condition, in sense that (6) can be met even though SE fixt,s is less than 5 dB. This is because I s also depends on the ratio P i rx,o,s /P i rx,i,s , which for NRCs is much less than 1 also for values of SE fixt,s less than 5 dB. Therefore, the condition (3) or (6) is the fundamental condition of nonmarginal SE of the sample. Note that the same parameters requested for measurements of SE are necessary to verify whether the condition (6) [see (8c) and concerning comments]. In this case, the conditions (5) and (6) along the electrically large aperture bring to the model (1), which represents a good simplification of the results given in [7] . For the sake of readability, [3, eq. (12) where the symbols used in [3] are respected. Since SE 3 expresses the ratio between the TCS of an aperture with and with no sample, A e does not appear in it; but, it appears in (2) and in its corresponding equation when it is written for the case with no sample. Note that the result in (1) is consistent with the results given in [10] , and it could be derived by such a result; in other words, the SE of an enclosure is always less than the SE of its walls. Measurements of SE on enclosures are given in [13] - [18] .
The standard procedure for the SE measurement [1, eq. G.5] applies the following model:
where TFVF is the IL fixt , s when the average values are considered [1] . In [3, eq. 3], the corresponding equation of (7a) is denoted by SE 2 and is written as follows:
In [3] , the TFVF is denoted by CF; here, it is denoted by TFVF2 for clarification. It is important to note that both (7a) and (7b), which correspond to [1, eq. G.5], are imprecise, as also given in [3] . However, (7b) is simply incomplete, as (1) shows, whereas (7a) is not supported by any theory, even if it practically gives results closer to the real ones than those given by (7b) in the common working frequency range for SE measurements in an RC. The standard procedure, i.e., the use of [1, eqs. G4 and G5], includes clearly a contradiction. In fact, TFVF is defined to be negative in dB; so, it is rightly summed for the measurement dynamic range (MDR) in (G.4), but it is wrongly subtracted in (G.5). That carelessness can bring to measure values of SE greater than the dynamic range; it is clearly unacceptable. For reasons of clarity, we also show here SE 1 as given in [3, eq. 2]:
where the symbols used in [3] are respected in the first form.
Note that the definition of SE 1 was inaccurately used in the past as a SE of materials [2] ; but, it is rightly used as a SE of an enclosure in [1] and [10] . On the other hand, SE 1 can be written for any enclosure apart from apertures and samples in them.
We are interested in the ratios of R a and R b between TFVF1 in (1), and TFVF and TFVF2 in (7a) and (7b), respectively, which can be written as
Note that R b is considerably frequency sensitive, and its importance, however, becomes considerable at the higher frequencies in the common working frequency range for SE measurements in an RC. We stress that the ratios R a and R b represent the comparison between the corresponding TFVFs and thus also between the corresponding measurement models and concerning results. For nonmarginal SE values, the comparisons between the involved models are achieved by using measurements for R a and only theoretical calculations for R b .
It is important to note that the SE measurements made by using TFVF, as well as TFVF2, depend on the sizes of the fixture, on the sizes of the aperture, and on the sample to be measured; this is not the case for the SE measurements made by using TFVF1, where such measurements are not depend on the fixture, concerning aperture, and sample to be measured as A a and IL fixt , s are not independent. In other words, apart from the measurement accuracy, differently from the use of TFVF, the use of TFVF1 correctly standardizes the measurement procedure.
B. Measurements of Marginal SE Values
Under the same hypothesis of a large aperture, as mentioned above, if (6) is held with no sample in the aperture, then (1) can be written with sample and with no sample in the aperture. In fact, under such hypotheses, the developments made by using [7, eq. (9)] can also be made by using [7, eq. (11)]. In this case, the conditions for the applicability of the model are more stringent, in sense that (6) has to be met with no sample in the aperture, but the measurements of marginal SE values can be made. It is specified that the replacement of A a /4 with σ t,ns cause an uncertainty component on the SE measurement; it clearly includes the uncertainty on the measurement of σ t,ns . Below the magnitude of such an uncertainty component is experimentally shown. If A a /4 is assumed as a true value of the TCS of a large aperture in an RC, then the replacement of A a /4 with σ t,ns removes also the uncertainty due to the measurements of σ t,ns . Note that for a very large aperture, A a /4 can really be assumed as a true value of σ t,ns . It simplifies the tests and the standardization of the regarding measurement procedure. Clearly, (6) is met with no sample when the sizes of the sides of the fixture are sufficiently greater than the greatest size of the aperture. A moderate increase of losses inside the fixture can be used to meet (6) ; such an increase depends on the sizes of the fixture as the losses can damage the uniformity of the field in the fixture. Therefore, we are also interested in the ratio [7] R c = SE ap = 10 log A a /4 σ t,ns = 10 log 
where the subscript ns means that the concerning parameters are referred to the case with no sample in the aperture. Note that the two power ratios in the second line of (8c) are part of [3, eq. (12)] concerning σ t,ns . SE ap , which is equal to R c , is the SE of the aperture with no sample, whose expected value is 0 dB. The validation of the proposed model can be totally made by measurements of R c . In short, the ratio R c measures the relative error due to the replacement of A a /4 with σ t,ns , which is denoted by E r,σ t,ns ; in fact, it turns out to be E r,σ t,ns = (R c − 1). We stress that the simplification for σ t,ns in (8c) can be made when the condition (6) is satisfied with no sample in the aperture. Note that when σ t,ns is measured, this case becomes the same as that in [3] ; accordingly, the uncertainty component due to the replacement of A a /4 with σ t,ns is removed. But the measurement uncertainty of σ t,ns is unchanged.
C. SE Measurements of Gaskets
It is important to note that the above SE measurements of materials are applicable to SE measurements of gaskets. To be more precise, for SE measurements of gaskets, the geometrical area to be considered is not normally determinable; however, since the leakage concerning the gasket happens mainly along the perimeter of A a , it is reasonable to consider such an area as a reference area. One of the possible alternatives is to define a shielding aperture as made in [15] , but we will not pursue such a method here.
III. RESULTS, COMPARISONS, AND DISCUSSION
R b is first considered and the concerning comparisons are made by using the measurements in [3] . Then, TFVF1, TFVF, and concerning R a are experimentally obtained and discussed for an available fixture in our laboratory in order to show the importance of the error due to the use of [1, eq. G.5]. Finally, a further comparison and discussion are shown.
A. Comparisons and Discussions on R b
For given sizes of the fixture, of the concerning aperture, and of the sample, it can happen that TFVF1 = ((A a /4)/A e )IL fixt,s is near to 0 dB so that only a small correction is connected to TFVF1; it happened for tests shown in [3] , where the sizes of the fixture and concerning aperture are compatible with the condition TFVF1 0 dB, and the SE of the tested materials was nonmarginal.
However, the affirmation can be verified by the same measurements as shown in [3, Figs. 2-6 and 8-12 ]. TFVF1 is applicable to the no sample case when the chambers are adequately isolated, as mentioned above; it is the same case as that shown in [3, Fig. 2] . Therefore, according to the results obtained here, if R b is summed to the SE 2 trace in [3, Fig. 2 ], a trace near to zero dB turns out. Fig. 1 shows R b for the aperture sizes and frequency range used in [3] . Note that R b ranges from about 6 to 26 dB; it corrects the trace SE 2 in [3, Fig. 2] , so that the corrected SE 2 trace is about 0 dB. In order to simplify the readability, here, Fig. 2 represents [3, Fig. 2] .
Similarly, R b corrects the traces concerning SE 2 in [3, Figs. 3-6] , where a given sample was in the aperture for each test. It justifies that SE 1 and SE 3 have similar results in [3, Sec. IV]. Fig. 3 represents [3, Fig. 5] , which concerns material 3 tested in [3] , as previously done for Fig. 2 . Another example includes [3, Fig. 5 ]; for brevity, no other figure in [3] is shown here.
About the results shown in [3, , note that TFVF1 intrinsically corrects SE 1 when an absorber is put inside the inner chamber. In fact, the increase of SE 1 is compensated by a similar reduction of IL fixt,s . In order to better specify the latter characteristic of TFVF1, we derive (1) in a different way. In fact, under the condition of an adequate isolation between the chambers as specified above, we can write where the power P o tr, oi,s can be considered equivalent to the power transmitted by a transmitting antenna positioned in the inner chamber. From (9), one concludes that when losses in the inner chamber are changed, P o rx,i,s changes consequently, but the SE remains constant.
B. Comparisons and Discussions on R a
R a depends on the sizes of the fixture, on the sizes of the aperture, and on the sample to be measured. The available fixture for measurements of R a is cubic with a corner of 0.5 m, as shown in Fig. 4 . The walls are soldered and the thickness is 10 mm. It has a removable side so that the aperture is one full side of the fixture; the window is equipped with a flange that in turn is covered by the gasket; finally, the removable wall is positioned on the gasket. It is specified that the gasket is fixed to the flange, whose width is 0.04 m, by adhesive aluminum, which is applied both on the internal walls and on the underside of the flange itself, in order to optimize the performance of the gasket. The measurements were made by using a single antenna in the fixture; this is done to minimize the leakage of the fixture, which is used for SE measurements of gaskets. The use of a single antenna also avoids the direct coupling between the antennas in the fixture. Nevertheless, the use of a single antenna inside the fixture has the drawback of using the "2" in (10). The antenna inside the fixture, which is a double-ridge waveguide horn, is fed through a coaxial cable and an N-female-female pass-through connector. The pass-through connector has a circular flange and it is appropriately blocked in a wall by a nut and the gasket; the latter is the same as that positioned on the flange and it is accurately put on both internal and external sides. The fixture is configured for the SE measurement of gaskets, where R a is minimum, all other things being equal. Therefore, the aluminum cover slab, which is shown in Fig. 4 , is appropriately put to close the fixture by a robust frame and some clamps. The frame uniformly distributes the pressure made by 12 tighten clamps.
Actually, the measurements of R a shown here are a part of SE measurements of gaskets; therefore, a particular attention is made in order that the internal field is only due to the leakage concerning the gasket. Also note that under the fixture, an engine compartment is present, which is an integral part of the fixture; however, since the fixture is used for SE measurements of gaskets, in order to avoid any leakage unconnected with the gasket to be measured, the hole for the driveshaft is still not made. A single hole for N-female-female pass-through connector is realized to feed a single antenna inside the fixture, and only the frequency stirring [13] , [19] , [20] was used to stir the field inside the fixture. Note that the SE measurement of a high-quality gasket determines the MDR for SE measurements of materials. The MDR for SE of gaskets is determined by the MDR of the measurement setup. The measurement of IL fixt,s is obtained by using a single antenna as follows [16] , [21] , [22] :
where the scattering parameter S 22 is measured by using a twoport vector network analyzer (VNA), Agilent model 8363B, and one double-ridge waveguide horn antenna, ETS-Lindgren model 3115. Note that the "2" in (10) is due to the fact that a single antenna is present inside the fixture [16] , [21] , [22] . Actually, the "2" in (10) is used when the field is well stirred, otherwise it is different according to the field stirring quality. Here, this possible difference is assumed to be nonsignificant. The measurements are made by acquiring 16 001 points from 1 to 18 GHz; consequently, the step frequency is 1.0625 MHz. The results were obtained by processing 200 consecutive samples for each of the 80 equally spaced central frequencies in the working frequency range 1-18 GHz. Fig. 5 shows the measured value of TFVF1, TFVF, and concerning R a from 1 to 18 GHz. Even though the field inside the fixture is not further stirred by mechanical stirrers and only 200 uncorrelated samples are used, we note that R a amounts to 10 dB, both at low and high frequencies of the frequency range. We stress that it is the minimum value of R a as IL fixt,s is maximum when an aluminum slab closes the fixture.
C. Comparisons and Discussions on R c
An essential condition supporting the proposed model allows us to replace A a /4 with σ t,ns . The ratio R c in (8c) is directly connected to the relative error due to such a replacement. In this section, measurements of R c made in an RC from 1 to 18 GHz for a square aperture, whose side is 0.1 m, are shown (the aperture is 0.1 by 0.1 m). Such an aperture is made in a metallic cover, whose thickness is 1.5 mm, for the fixture shown in Section III-B. Actually, the aperture used is achieved by rearranging a larger aperture by an aluminum tape, whose thickness is 0.15 mm, and an adhesive aluminum tape. The measurements are clearly referred as with no sample measurements. Note that the main diagonal of the aperture is equal to about λ/2. The antenna inside the fixture and the aperture are configured, by also considering the above-mentioned rearrangement, so that the power directly received through the aperture is negligible. The robust frame and some clamps were used to uniformly distribute the pressure. If the separation of the clamps is considerably less than λ/2, then they interact with the incident radiation at low angles according to the height of the top of the clamps and the incidence angle on the aperture plane. This could produce an uncertainty component, which was, however, avoided in our case. Note that a focusing toward the aperture of the scattering due to the clamps is unlikely in an RC for any incidence angle.
The RC used for the measurements is a cubic chamber of 8 m 3 volume, where the input electromagnetic field is randomized by means of three metallic stirrers rotating in continuous mode, as described in [23] and [24] . A two-port VNA, Agilent model 8363B is used for measurements. The measurement setup includes two equal double-ridge waveguide horn antennas, ETS-Lindgren model 3115, and one log-periodic antenna, Schwarzbeck Mess-Elektronik model ESLP 9145. One of the double-ridge waveguide horn antennas is positioned inside the fixture. When the chambers are fed by the outer chamber, the log-periodic works as a transmitting antenna, so that the two receiving antennas, which are positioned inside the fixture and the RC, are equal. When the system is fed by the fixture, the two antennas inside the RC, i.e., the log-periodic and the horn, can be traded places so that the two receiving antennas are equal again. This configuration of the antennas allows us to calculate SE fixt by using the ILs without correcting for mismatches and radiation efficiency of the antennas [13] , [25] . SE fixt ,ns and I ns correspond to SE fixt , s and I s , respectively, when no sample is present in the aperture, that is, they are calculated by (5) and (6) when they are written for the case with no sample in the aperture. However, for the measurement of the IL P i rx,o,ns /P i tx,i,ns , which is necessary to calculate I ns , the reciprocity can be invoked, as mentioned above and as made here, which implies P o rx,i,ns /P o tx,o,ns = P i rx,o,ns /P i tx,i,ns , so that it is not necessary to measure the transmission coefficient by feeding the system by the inner chamber. Fig. 6 shows a pattern of the experimental setup. Note that two separated calibration are made for the two transmission coefficients S 21,L,Hi and S 21,L,Ho as a coaxial cable connects the pass-through connector to the antenna in the fixture; the subscripts L, Hi, and Ho denote the log-periodic antenna, the horn antenna inside the fixture, and the horn antenna inside the RC, respectively. An inside view of the chamber is shown in Fig. 7 .
IL fixt,ns is achieved by (10) in the case with no sample in the aperture and with the same configuration of the whole system. Note that in the RC the mechanical and frequency stirring is used, whereas in the fixture only frequency stirring is used; IL fixt,ns is measured by using a single antenna in the fixture. Measurements are made by acquiring 16 001 samples from 1 to 18 GHz again. All data processing is similar to that shown in Section III-B. In particular, 200 consecutive samples are processed for each of the 80 equally spaced central frequencies in the working frequency range 1-18 GHz. Fig. 8 shows I ns . One notes that (6) is largely met even though SE fixt,ns is about 4 dB, as shown in Fig. 9 . Fig. 9 shows R c and the corresponding three ratios ((A a /4) /A e ), SE fixt,ns , and IL fixt,ns , which form it [see (8c)]. One note that R c generally ranges within ±2 dB, that is, the max difference between the expected and measured R c is generally within 2 dB. Note that R c , as well as SE, includes the error due to the squared radiation efficiency of the horn inside the fixture. Even though the ripple of the trace can be reduced by mechanical stirring (including position stirring) of the field in the inner chamber as well [13] , by correcting for both mismatches and radiation efficiencies of the antennas [13] , by using a larger NRC than that used here [13] , the results of the measurements are significant and sufficient for the validation of the proposed model. Moreover, the quality of the measurements can be improved by using a four-port VNA or by using an electronically controlled switch [14] . In any case, it is important to note that here R c compares two independent quantity, which are σ t,ns and A a /4; instead, the trace to zero dB in [3, Fig. 2 ] is obtained by comparing σ t,ns with itself. On the other hand, the ripple in the results of the measurements made here is consistent with that corresponding in [3] .
Other two independent traces were measured by manually putting the antenna in the fixture in an equal number of different positions, the results are all similar to those shown in Figs. 6 and 7; in particular, the randomness of the ripple of R c implies that the measurement uncertainty can be reduced by considering more independent samples for each frequency point. However, for lack of a number statistically significant of measurements (traces) at each working frequency, we calculated the mean and the standard deviation of R c by using the 80 values of the trace from 1 to 18 GHz. It turns out that R c has an average and a standard deviation of 0.7 and 1.2 dB, respectively. Note that the average concern 16 001 samples, whereas the standard deviation concern 200 samples. Such an uncertainty constitutes the uncertainty component for SE due to the replacement of A a /4 with σ t,ns , which includes the uncertainty on the measurements of σ t,ns .
Actually, the TCS of apertures can be numerically calculated; in particular, the TCS of circular apertures can also be analytically calculated [8] , [26] - [30] . Note that when a fixture falls in case B in Section II and measurements of R c are made, in order to increase the measurement accuracy, the deriving procedure is in fact the same as that in [3] . Note also that the TCS of small apertures can be certainly measured by the proposed method; naturally, for such measurements, the leakage becomes insidious; therefore, it has to be accurately reduced. However, such measurements are not included in the scope of this paper.
D. Further Comparison and Discussion for SE Measurements of Gaskets
For the SE measurement of gaskets, if one considers the leakage from the driveshaft of the small motor of the stirrer and/or from the pass-through connectors with flange, a variant to the model (1) or (9) can be obtained by considering the total surface of the fixture as reference surface. In this case, we can write [8] - [10] , [12] , [13] 
A. Case A
The case in Section II-A is treated first. By using (1) and (3), we can write
The minimum measurable SE is achieved when (I s ) −1 = 10; this is the minimum value of (I s ) −1 in order that a good approximation of the proposed model is achieved [see (2) and (3) (13) where σ o,tot and σ i,tot are the total ACS in the outer and in the fixture, respectively. By (1), it can be easily obtained [7] 
where IL o,o is the IL of the outer chamber when the fixture is present in it. Therefore, the ratio (12) can be written as follows:
Since [(I s ) −1 ] min = 10, the following condition holds:
The worst case for σ o,tot in (15) (17) and the constraint that the minimum side of the aperture is greater or equal to λ, other solutions can be found. One can affirm that by the case A, SE values greater or equal to 10 dB can be certainly measured. This is de facto the range of values considered by the standard, where the model used and the corresponding errors are generally unacceptable, as shown in this paper. Conditions to measure smaller SE values than 10 dB could be achieved, according to (12)- (17) . In this case, regarding the measurement uncertainty, one can conservatively consider the uncertainty obtained for a fixture falling in Case B (also see Section IV-B).
B. Case B
This case is very simple. In fact, any SE measurement can be made. Even though the experimental results shown in this paper can be improved, as mentioned above, they are sufficient to validate the proposed model. By considering 200 samples acquired for each frequency, the uncertainty component due to the replacement of A a /4 with σ t,ns for an square aperture having sizes of 0.1 m by 0.1 m turns out to be equal to 1.2 dB from 1 to 18 GHz, the average of the trace is 0.7 dB. Therefore, when the fixture falls in this case, the uncertainty for any SE measurement includes such a component of uncertainty, which can be reduced as mentioned above. However, when σ t,ns is measured, this case becomes the same as that in [3] and only the uncertainty on the measurements of σ t,ns is to be considered.
V. CONCLUSION
In light of the recent studies available on the SE measurements of materials, a re-examination of the TFVF of fixtures with adequately large apertures for SE measurements and gaskets in an RC is shown. The fundamental conditions for the applicability of the model shown here are a large aperture between the chambers, whose TCS is well approximated by the geometrical optics, and an isolation between the chambers greater than or equal to 10 dB. For nonmarginal shields, the conditions of adequately large apertures and nonmarginal SE values, necessary for the model shown here, include those requested in the standard IEC 61000-4-21. It is important to note that the approximation by geometrical optics for the TCS of a square aperture is acceptable for the scopes of SE measurements shown in this paper when the diagonal of a square aperture is equal or greater than λ/2, as experimentally shown in this paper. The factor correction shown here gives more accurate measurements than that used in the standard procedure IEC 61000-4-21 for any fixture and corresponding large aperture designed according to the above-mentioned criterion. The model is applicable to SE measurements of gaskets as well.
Ultimately, the results show that the standard can be improved using TFVF1 = A a /4 A e IL fixt,s
as a TFVF for both fixtures falling in cases A and B shown in this paper. When a fixture falls in case B and the measurement of σ t,ns is made in order to increase the measurement accuracy, the deriving procedure is in fact the same as that in [3] .
